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[0 00 1 ] 


[0 00 2] 

satum mtf/'Hi«:^-rj:5ttHDDflB^tf 

2tc«tti 3^lsBEaSE«:»ii3n-ci^r. coin 

[0 00 3] CCOX^X h^U- h 1 5CDW^F®«. X 
h^ftlA^S£>X^X hSIl 5 s, 15si3n 
tl^o *Lt, ±UJO^^x h§il 5 s KtetB^SP 

**^b"C*f ft C<DXy-^12CDT 
^S®^^^^ hSffltttSSOX^X hMIl 2 s 4 3 

[0 0 0 4] */c, ^7^F^U-M 5©T#*Ctt, 

i i tcis^nrc^o cow^^-^u-n 

ffil 5 s ICX^X hiSW*SSCD^Il&ST#S^b 
siJtitC>5o 

[0 00 5] *ur, ±IBX^X h^Sl 5 s. 15s 
iX^FI4§112s, 16si©d>ft<4fc-* 

T— *f©^2^TiUSffl 1 3 r , 1 3 r 

3r, 1 3 r Cc^^r^8ftft*»«RO«(*tt«T#* * 
^bt^UT7^T;H»l 2r, 12r«3 
ntl^, ^Lt, 7^r;l/fll 3 r, 13ri7^ 


(2) #K 2002-174242 

TVMtt^ffi 1 2 r . 1 2 r 4<£>4>fr < t -n y 

> ^tff- > t£X«X ' W ^ Jl/tt<D«ME«£JBat 17, 1 

[0 00 6] Xb*> F;l^-££> 

. s ^n^ »;-^l 2©rtHffi (#1 3 0?fJlffiT'fecfcC^ 

io *fcft*oT-r st*?— ^tta>js*^e>ac* 

3ltf«2 1 *HWTtiS. 

[0 007]€U, PIflBSBl 1 *<D9\-mWlC\ZX7~- 

1 3 4i^—*^c[lKlgi&^n€>ct ; 5tcAj:o 
Tl>6 0 ttl 3^[iIKT-5i, ^7XhM#5SM 
* 5> T ^»f*t*S R CD&l&IE^iffl^co > t:' > yf^ffl 
fc<fc!K §M#§S, RO«<*«3M-**«:?E»S*i 

20 /caacoaflwraccttffij&j^LT, «i3in y i 

[0 00 8] C<Dcfc5tt*t> F>t"=e— *^©SlfWPJO 

^myrmt. wr?<om*)-c*>~>tc 0 *tr>F 

^TraaoaiJiHRitflEA-rs. ^5T£4, * 
^x h*»«isscD*»i*«^#*©^o^ccffia 

[0 00 9] 

[Sflli3&JJ»*LJ:5 4r-SiHil] iS^, HDD^fBliSg 

<o<t^ftaRW9»«:*«3tiaHDDCc*jc>r»* % il 

[0010] ^CT\ ±fE<D<t5&Xfcr> F^*-*CC 

#l«fi2 1 2oCD^^r^^l*^R, RCO^ 
50 1 tcteW ZfflffiftWWLfcmm&'l^ <T^>J:^(fCLX^ 


3 

[0 0 1 1 ] Uj&>1/£c#6, COJ^&aStfjfte i 
UTl>3 4, JhlEtf) <£ 5Sr^t^t:> Fib*— *ec?H 

S) . ^fcr>FJb*-^(Dia<E*te: % l§i/c 

c »o-c*jBfbWiBft fen & 4 t » 5 wiri^. 

[0013] *CC*«Wi3:, ±Eoi5aa«sw* 

[0014] 

9s©a^3^a^©iB»^*^», «4, 
{two?* *av*©ifi»©2giBo- ff(cn»in«^jR 

**^Cc3EW3n4*r©J8IHO , >%4>ft< 4&— §p 

[0015] co<fc 9«:«jssr*n«, ^ftfts^g^ 

[0016] SalB^ftfASSM^ffif#-r^EE^«, 
0. 03MPaOT«D^K, 0. 02MPatl 
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[0017] 

i^BJ-T^o Hltt, HDDSXt*>K;K^^(D«Ki 

st^^o ^t^F^-^oaBB^Ria-rs. 

[0018] C<D^fc*> FA"=e-*tt % ^^1 4#@# 

&*ifc*y-:/i 2 4^6»^snrc^ 0 #i3«x 
y-^i 2 6cinseaK:j«isiirir»T, tti3 4xy 
20 -^12 i orates 7 ^r^ftMR^s^ nr ^ 

£ c £tc. fllil 3<Z>— SS&C**;*^;* h^L — M 
CC^tffijT&xy-^l 2R^^>^-7 , U-h 1 6 4 

[0019] -^-X 1 1 ORfgjgp 1 1 aOWSffiGUSJ* 
r-3?18«3nt^, ^ ^ 1 4 OrtJSfflCcHje 
Sti)fen-arfiBt5i 9 4^>y^*^LratB*ff$lL/*C 

<t0^1 44W1 3 4*— »WCC|5[(aB«r3-BS4, 
1 3*5.^ 2Sy*')>^-^l/- h 1 6(C^U 

jfi*. SftfcWIBKHftlB-rs,, '^-^ l i.o*ft«tt:S[ 

ttoxy-^i 2 3Wrt*ps*irc»r 1 S?ie^^>^i 2 
f tCcfc *) — <t»ccH#snr i>5 0 ". coc 4 cc J: ^ x y 

40 2(D^ffi4Rfgfgpi 1 ■acbrtJHffiiOIHCC, 3S 

^»*r*sa»^*0 2 23^jffishrv*. c 

[0 02 1 ] X'J-^l 2tc«^t^<D#l 3 3WlsB5e 
50 X^^c, WyBMiasCTRffi^rBlffc^^fecoafeStiW 


(4) 

5 

^y+W-ft^ K^^#-tf<> (DLC) JgtcJ: 

So 

[0 02 2] C(Om 1 301^ 1 3 a (iftfeSB J: 0 /hS 

2nzmuj^tei&ffl<D±.mm i 3 b &c^^ i 4<dtw 

V^mZtiZftZ, #1 3<t^:/l 4i(i+^B«S io 

[0 02 3] £/c, X >)-z?l 2cr>T^J:0^aiL/cM 
1 3CDT»Ct*. Rft&KOX^X h^U-M 5#®£ 
^ntt^o CCDX^X h h 1 5«, W13QW 

fflBCCKW6tifc«lfciD 1 3 f *ca^bfc±aMaD2 o 
CtJ:9@#SftTl>T. »13(i:X7^F7'l/-hl5 
i«4^ttiSH«^*^TS^ja*»K (JSWBM) 

[0024] 3B*CDrtS<tO 

ASttia«»r*i»^3 0*T«B«cwi>, *fc. 20 

±»fcD2 0ttSSW2 0 a £*tfcD*W-r£5fcJ8SP2 0 

ci<DiBccne«©pqtt»2 0b*wor^r. cne> 

JS£9B3 0&tfR*±gP2 0 btt, X7Xh^U-M5 
1 5 biHiaSia&ttoTl**, 

[0 02 5] RS5P2 Ob^l 5 b £WVt<D&^3 
0i^^n§Ci^a0X7Xh7>- h 1 5#tt 

i 3ccK0«»ftnrc»*o-c, s^SB3 ocDrtjgB^ 

it#>*aD 2 0<DRS§P2 0 b^ltx^^ h^U-F 
1 5*1*1 3CC*fOT-RI«lCC|grt-r4SgrtffiiOTffffl 30 
It, ^7^h^l/«-H5»ttl35C5 0MmHT© 

[0 02 6] Sfc, #1 3©TJBfflK:X^X h7*U- h 
1 5<D±ffi*S^«3tlfc»}»r, X^Xh^U-H5 
sWIH 3«:B(5^tW6*irir»*©"C. x^xh^iz-F 

i b<om^tm<xi>7^x v7i>- v i so^mom 

ftftS'hSl*. &*5, X-5X h7*U- h 1 5 £$Sl 3CCBt 
Oft^^SSibtft fc Dlt&>©ffe, EEA, ««. % 

[0 02 7 ] WcU, X^X h^U- h 1 5 Ciha?) 

JE/Jvta C © <fc 5 & jm5g?&fc £ iBSX Jg ltUl\ 
[002 8 ] ^Ut, X^X f-^U- h 1 SOTfflJOY 
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- h 1 6©±H&*f|pJLTC*s w X7XF^U- 
tl^ e &*s % 27^>#-^U- b 1 6tt, -<-X 1 1 

6©±H©**» (#1 3©JCF<DffiB) ecu. ihdt>ta 
D2 0tD3lgP2 0 a€riRtt-r-*Ea»l 6aW6ilt 

±ftfeD2 0£X^X h:/U- h 1 

[0 02 9] X<5X h^U- h 1 5^@S*T€>± 

2£tfaD2 0 *Smff 2 0a #?£A L fcJKHWK Dff^ 

x^x h:/b- h 1 5£#1 3KEEAl>TH»T& 
^i'l^ii. MSBl 6 aBR(ti!»B&(r^. X^ 
X h:/U~- Y 1 5 0±TOS¥1BX7^ hSM 1 5 

s, 15s <h£ft£ 0 ^Lt, ±(ffiCDX^X h^Ml 5 

2<DT4Bffii. TPJCDX^X h§Il 5 
sGtx^X h»«|*S©»tMI*t»*4^Lt»lSl 

x uttsffii 2 smi 6 si^nt, *i*hr&x^x 

h§115s, 15sSW7XHISI12s, 16 
SSflEUtUi,, 

[0 030]^ X^X h^ffil 5 sXteX^X h# 

[0 0 3 1 3 a*, C O»0E^^m€rX ^ X h 7" U - 
h 1 SCDM^Pffi (X^X hSIl 5 s . 15s) iCt^ 

h ^ h 1 5 ^Cjfffi-T a C i K «fc 0 fljfES&EE^^M^ 
[003 2]^C 4 X-^X h^U- h 1 5^CS!5CD©1» 
XU-^1 2^^7^>^-^U-h 1 6«, 

^-yu- h l 6©^-x i i -sO@Sr77*^^^i>ritt 

m?Z>* H 6« % ^-XllCD*^ 

apccK^^cc-rssas&xtteBEASti-rc^, 
>^-7*i/- h i 6 cDii-jasp*s^-x 1 1 cDRttrasi 1 
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[0 0 3 3 ] C0#2>4r-:/u- h i 6 itftJR$RtC& 

m^m^x^x. ftmm*timj:K>m2ttB<rj:~yxi<> 

*7»5>£-:/U- b 1 6£^-X 1 1 t,cm*)tt 

^»#<W*«M£;fr6iRttj*2 8^M$n^ ihafrfa 
D3 1 tt c OSIttai 2 8©^teK0tttf 6*rCtr>"C\ 
±i&;teC3 1 <Dffl8K£*R»2 8WcjRJflStir(r»S 0 
C<DJ:5&®KSI2 8tt* #^>£-:/U- F 1 

[0 034] CCDcfc^iC, * 1 1 hi3*?^*-?\s 
- h 1 6i*toClfc«fJ>3 1 CC<t9@*Lfc©r, »Hl$£> 

5X hWf^ffil 6 s^lt, X^XhfflSM16s 
[003 5 ] ifc *«»^^U-K160±I0- 

irir^ci*^ KVisZ-y'is- b l 6&M?tfcte 

03 l<DRt>K>iCV>$:&imLXi>J:i,K Stc, ihafrfc 
D 3 1 *«ffl-r&«*>0 fc»K»2 8 CC«»SBSr^sa-r 
£ C <!: *C <fc t) % 1 li*')>^-7'l/-F 1 6i 

£B4rOT&J;tr\, itaMaD3 l r'*-* l 

1 h 1 6i*ifl/c_h, 9Hftft2 

3 i igf^i^ffffifn^ ±^D3 i<Dmmtfi& 
mmicj:K)mtiti2><Dx. ^m^^mm^mmmcj: 

[0 036] iRt«Sfl2 8tCgatJpJ*3E*-r*<£:, 

■^-X 1 1 £#^>£-:/U- h 1 6 £<DmS%$fr<D? 

%£icmmm&mmLxi<>it. ^1 i<h#^>£- 

/cf*5C 7 0-100 :cccartRLrg»S9*S^«:B!{t S 
[0 03 7 ] ««WO«H»«FtcffiSStiS ^ttt^c 
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j7<Dmmmx$>->xbj:\,\ $tt> +fttmm%zm& 
mztt&xz, wmm^m^^m±hxx\^iy k;i^ 

[003 8] — ^ % w i 3©^fflfc» % M^Kcmn 

^:*5l^r±TCC— ftoy^VTfo^M 13r, 1 3 r 
/SStlSiikK:, COD^TA'Sffil 3 r . 1 3 r fC 

io ^ ^T^*f«»ft r ©aMM*** s * *^ l r ft m-r & 

DitcffM^nr^^o ^ir, 7^#§ii2r, 

mi 7, 17mt k ^^T/l/ilKttttR, RjW*sR 

[0039] tcfdL, »EE26£/BStl 7, 17it 7^ 
TJ^I 1 3 r , 13r}C^rUl>l, ^T^S 
I13r, 13ri^r;m8I12r, 12riO 
S^tcRWrfc fete, tKDmWM&MMX 7£1£ 

[0 04 0] 7^T^SI1 2 r v «b^y-7- 
1 2©i*gflB«:»£E»^ffl»ll 7*JDXT4 4, 

^ffin/c^-iu^^osfHrax*5i^*/^-/ hcj:* 

WHIJ/IIIXK: J: 0 J6E^^ffl« 1 7 £JffJXr * £(D~C, J? 

30 [0041] xy-7'12 t^-h-cwiwai 

f±±6f «JBU*sK-^a L«c <ifCDf±±tf jDX*!fiWCC|£ 0 

2«:ffl/ii*. ^y>^#->tt©»*<EJiftlXlyr4 
40 [0 04 2] 2~z><DMR&*iimmi 7, 17 05^. 

[0043] c<Dt±*$t>t t mmicmi'f2>o mmm 

so 7«. #1 3 0RH^riagecjfior»f5EoiH»'r 


(6) 
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mittem? zwsKM&mm 1701 ici$^xte±m<D 
mtvttrz* -eor, myj<omj£^^mm 1 7 01 

[0044] t^c^^. ^m^s-r^s^^mm 

[0 04 5] S/c, @(gctJ«:^^X FSftMSSO^ 

tt* S S^7^r;«ftl*fR krw £»EE#££fflifl 
»ftflt-(liHBfiri*i«:»Lr.ttmK) ^30' « 

[0 04 6] «fk:, 7^r;^ftlliSR{cs^5^y> 

^#->iK©i&EE26£ffl?JI 1 7(D#Sfs <IfcEER*JHi» 
1 7 ©ffc*rrfti©«) #*l«J:0fc/h3c»»^{ctt. atft 

g£2 5° OTil, «<D^£ 1 2 *?£U< 

tiA^n^i, ®&tp<D^&fevm<Dmm & «r 9 meffi 30 

[0 04 7] Sfc, ±T2o(D^^TJl/i«(*l»*R. R 
Ktfc*ttfc*y~:/1 2<DF<9JSffi (#1 3 0^Hirt> 

mt<DWjx^^>) 6c«, 7^r^ttfmsRoM9 

&&Bl:fift2 1 «R^rc^. Z<OC±lC&*), Xb'> 

R. Rof^ffl^i[BE«r***l*^^->*^:fir<Bi*c: 

[0 04 8] ttfc. IBtt*-*M*«rtM-*n--5f»S 
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< Rttt £ C 4 CC <fc 0 <W««»a«r/hS < RH-r 

[0049] »tc. Mi&commmmz 022 cr>*jstco 

l^UWTi, 2 0JfHIin«»l 1 aO 

2 4<b^nrt>r, c ncc ± d wmrkbs 9 2 2 
[0050] &o<t&, f-A-i24^rifc^y- 

^1 2©W«D«:»J8H'«4BIR6r, RfSSP 1 la(D 
F^jafflCCJBflELx-Cfe J: < . 2 0#Mi 

SiRjgjSPl 1 SL<DftMmt<D%Uytcmfi!iLXi>J:\,>. 
*fc, «flHWW*9 2 2©T»fctt. X^F^-F 

1 5<D*fJ§ffll 5a4-eti«:>»tiaiT*a»*'r?**.Ri»« 

1 1 aOrtfflM4©BICC^Sn4Raitt©-r#*«:|Bl 
»?tlinLt)r^»HlffiftB2 5#Rtt6ftT(,> 

[0 05 i]^or. ^^^h»fl«*sc!)ijBHiRt 

**Cc2«Lr^rS»*IBW«lftB2 5 
X 7 ^F S Oi£#«i9T * S 4 « 12« L 

[0 05 2] $HJI«*JUttt, igwr^^^^^r 

SS»S>J?SS 022 OT«©^^»»i«l&»2 5 * 

ff^uri^ <-r^ct>^. ?h?#^j^&es2 5^«-r# 

tc^ V ^ F«0«»Safltt&B2 5 «»t (o 

i i z<Dftmw±&&i&{sx\,>xmnisxi,*?>) . mm 

mmicx y 9 h WOr@?t^«*&S8 2 5 *RWTfc «fclr> Q 

[0053] ssfe, *se»JK»«:fcc»r«, xy-^i 

2©j1-«ffl(D*r*'f'-^ffi2 4 <t ur, ?H?t^Jtg0 2 
2©f-;<12 4<0-»t»«lW&R2 5 iU, 
Xh7'l/- h 1 5©j*J3ffil 5 a<hR(gfgpi 1 a©rt« 

©5ft±8*f-^B2 4 4U TfflttRWSSl 1 a<D 
[0 054] CCD<i: 9 ttWWWW* 022 0±»CCtt, 

^«iaar*ii«iS2 3witi^ 0 ii»s§2 3 


11 

ttfefc. a*UB2 3tt. Rffiffil 1 2<h 

[0 0 5 5 ] X r/^^i 2 <D|*ljaffi<jr>±JS OMR 

j^Scfc^CC, xy-^l 2<DftMffi<D±*g (flSWH) CD 

r**©5%**>±» oau»«, ±# own 

COTO0»jJ©«Mffii 2 ai*tl 30j^JH 
[00 5 6] *Lr 1 8JSB^-^«3i5t(e©&m«a 

WWW* 0 2 2 ©#te»HHW*qfc< ^I^WCii 
ft 55 , mfiSSHX 9»»^cfi[»-r 4S?IWf(I(D?Rffi«rfi< X' 

[0 0-5 T3 .3 6(c, - ffl»JW?B*t) 2 2C0Sa%, #1 

3<D9\>mmtxv-7i 2ort«Biom«:jgj«s*is 
m 3<Dftmm<D5iz>mmi 2 atcs*rfiirs»»i, 

t?H**i*SB»> ©m£D&*ft<rtiG£> ^#ft® 
^fcfiWMRRBS 0 2 2 $ hi Cii ftS. 

[0058] i/^ot, wnsaoaAstcig^ja^s* 
c > x «f*#^-r # * ©iwiww a* tsg Ucot^^n 

CC«, 5^'^2 4 0ttHffrttO- JW_hao4 5° * 
Si. BUlE7 u -^^t^l5^CD^*r^aaB4 5° «_L£-T£ 
•CiW*Ui. «fCC v f-A , I2 4 0«^*l 0* 

fc. ^22 K*#tt»^*SffiBWjOc <fc 0 

?ftma*7~~'m2 4<Dffimn£*)i>i 5° «_h*<h 

[0059] tsfc, K»6nyhiE«i*s©ar^'r2ffl(D 

<Lcfc5£^££, 1*1 3©Jf«Ii^y-^l 2cDrt 
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[0 0 6 0] — WlHHttS 022 *t^ffJ<Dffl?#?PJ£ 

<rr*fta*4 5* «jl mm i 2 ao«*fii©tt* 

^^22 teem? s s»^o»*+fl««-r 

&&&<dx\ 7~-'*W2 4<Dtt'ftfo<Dmiz. tmwi 2 
10 [0061] ^/c, tfEffiffiow^o^-^^ce^ceo-r 

SftMSg 0 2 2CWftfej£(r>a5»©'i-**0]ES 
(&&!*j(Di[B) J:^i&or^ f?iB®^0Sfc&K: 

r 1 »4 SI?WW<D«H i a* > SI® 5B;ft 0 * 5 fits £ ft 

20 [0 06 2] ftfc % *Sa6»»CC*JC^r» % ffi£f® 1 2 

a*^y-^i 2©rtHsccRfcmiS^ <-rftt>%, 

4) . Ml 3^SI(csmfcJ:< . *ai^y- 
^1 2©F*jja®<h$*l 3<oj^HffliCD805rK:|»tr«>J: 
<®Mffil 2 a^#l 3<0^«HtC»W**»^«:«, 

xy-^i 2©w«Bcc^r*s^<t>5%««>^«i 
[0 06 3] -^y— -zi 2©Suseffiax?)SP^« 

14® 1 2 a #13 cmfflW<D 6 ^^4®<b 1 2 a*f 

30 Ri-r*aB»4cc, Sffi^j <aw»!i*»i;<tt«t*wr* 

[0 0 64] ^CC, t'> F^*-^^sOjB?WW© 

[0065]f lt k EAO^#-JKD>HBJMSCcJ:4 

- ^EEAffor * * ^ e> (om fe n *ss±t s /c 

«>CC ? ^'^;KDEA^^^>^-7L/- h 1 6CDT® 

icts- b^tt*ftm*-s->i>mtmzmmisx it 

50 tcL s C (DMm7\ 2 6 tt % «»M5©tttB±«i^r L ^> 
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[0 06 6 ] £/t, Xf> KJl^~*^oa»#J<E>aA 

mf&m i a^wrsTt (W i 3 ^wsft^WMr? z 

[0 06 7 ] ^c v iS^aAL/cXk'> F^*-* io 

s osttsst * s 8bg>3?rb ccftg-r s a»ffK> , 
^aE^f«2 if^cj£#s-?t8>< 0 

[0 0 6 8] *saWB»«:*5i»r«, ffiAStifcWWW 
&£A,<>:frn 0 cfc^r. c©<fc5tt^*c«fc9aflHffl*r 

DGC< n e 

[0 0 6 9] «*<D«tett* «flHW*saAStir*6* 

ROT* ST COIB«c^t>F^*-**JI 
2TCcfi^-rtitf* *gST-C««BW*aALfc»^ira 30 

[0 0 7 0 ] *hT> F^*-*^©jHf»ffl©i£A 

[0 0 7 1 ] Xf> K^-^^ffllf^E^, 

EEJ:0(Sl»EE*"C*titfJ:c»3&«. ftiS©3SS£J: Oft* 

CCB5L±T*fc»fctt. 0. 0 3 MP aferF# 5 <k*3£?£ ^ 
<, 0. 0 2MPa&T**S6Kl#*(A*. 
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o<t ^^s»moaAe^6?e»s>j3&^^i*tts-r* 

[0 0 7 2 ] *HJ60»&C*5C*r», Xb*> F^*-* 

ft:«CC}mttO*ffiAl/fe3&J, X t'> Fib 

*©»(c^t> F ;t/ * — £ $ rl^irr^S 3 
&2>1jm&mmLXi>J:i,>o m^i. xtr>Fn^-* 

©5 (1613, 

h 1 6, 1 l*>e>«cS»») 

frxttfrnxmrnmiitAis. -eoaccmi 3©±»cc 

44K0W^rxb , > F;l/*-^*roJ5S3-Sr fe 

±0. cow^cctt. ffl»ffj*aAbfeaccJt^Tt?« 
*©«CC^tf> F^*-**3«SSS*rt«t^ 

[007 3] XfcT> F^*-*c^J3ca^ffiffllu 
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Epitome 


(57) [Abstract] 

[Technical problem] Air bubbles cannot remain easily inside liquid bearing 
equipment, and the lubricant restoration approach to the liquid bearing equipment 
which was moreover excellent in workability and mass-production nature is offered. 
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[Means for Solution] First, lubricant is poured into the bottom of atmospheric air in a 
part of space of liquid bearing clearance and its near. And the liquid bearing 
equipment with which lubricant was poured in is held under a vacuum, and said 
whole liquid bearing clearance is made to fill up the bottom of a vacuum with said 
lubricant according to an operation of surface tension. 


[Translation done.] 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 


file:///D|/pt/JP-A-2002-174242.html (3/22) [2004/06/24 19:24:21] 


JP-A-2002- 174242 


1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CLAIMS 
[Claim (s)] 

[Claim 1] It is the lubricant restoration approach to the liquid-bearing equipment 
characterized by for some [ at least ] periods to hold said liquid-bearing equipment 
under a vacuum among periods until it pours lubricant into a part of space of said 
liquid-bearing clearance and its near under atmospheric air and said whole liquid- 
bearing clearance is filled up with said lubricant from immediately after 
impregnation in the approach filled up with lubricant to the liquid-bearing 
equipment characterized by to provide the following. Shaft Phase hand part material 
which counters this shaft through liquid bearing clearance 

[Translation done.] 
* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the restoration approach of the 
lubricant to the liquid bearing equipment used for information machines and 
equipment, sound and a visual equipment, a business machine, etc., and the 
especially optimal liquid bearing equipment for a magnetic disk drive (it is described 
as HDD henceforth) , an optical disk unit, etc. 
[0002] 

[Description of the Prior Art] As liquid bearing equipment used for the above 
applications, there is a spindle motor for HDD as shown in drawing 1 ; for example. 
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Inside body 1 la set up at the base 11, interpolation of the cylinder object-like sleeve 
12 is carried out, and these have fixed in one. The shaft 13 is inserted in this sleeve 
1 2 free [ rotation ] , the reverse cup-like hub 1 4 is attached in the upper limit of this 
shaft 13 in one, and the disc-like thrust plate 15 has fixed with the setscrew 20 in the 
lower limit of a shaft 13. 

[0003] Let both the flat surfaces of this thrust plate 15 be the thrust abutments 15s 
and 15s of the thrust liquid bearing S. And the lower limit side of the sleeve 12 
which is phase hand part material counters 15s of upper thrust abutments through the 
liquid bearing clearance between the thrust liquid bearings S, and the lower limit side 
of this sleeve 12 is made into 12s of thrust bearing sides of the thrust liquid bearing 
S. 

[0004] Moreover, under the thrust plate 15, the counter plate 16 which is phase hand 
part material is arranged, and it is fixed to the base 11. The top face of this counter 
plate 16 counters 15s of thrust abutments of the thrust plate 15 bottom through the 
liquid bearing clearance between the thrust liquid bearings S, and is made into 16s of 
thrust bearing sides of the thrust liquid bearing S. 

[0005] And at least the above-mentioned thrust abutments 15s and 15s and thrust 
bearing surfaces [ 12s and 16s ] one side is equipped with the slot for dynamic 
pressure generating of the shape of the shape of a herringbone, and a spiral (not 
shown) , and the thrust liquid bearing S is constituted. On the other hand, spacing is 
set to the peripheral face of a shaft 13 up and down, and the radial abutments 13r and 
13r of a pair are formed in it. Moreover, the radial abutments 13r and 13r are 
countered through the liquid bearing clearance between the radial liquid bearings R, 
and the radial bearing sides 12r and 12r are formed in the inner skin of a sleeve 12. 
And at least one side of the radial abutments 1 3r and 1 3r and the radial bearing sides 
12r and 12r is equipped with the slots 17 and 17 for dynamic pressure generating of 
the shape of the shape of a herringbone, and a spiral, and the radial liquid bearings R 
and R are constituted. 

[0006] Furthermore, in order to make torque of a spindle motor small, the relief 
groove 21 which becomes the inner skin (the peripheral face of a shaft 13 is 
sufficient, or the both sides of the inner skin of a sleeve 12 and the peripheral face of 
a shaft 13 are sufficient) of the sleeve 12 pinched by the radial liquid bearings R and 
R of two upper and lower sides from the circumferential groove of the shape of a 
taper to which clearance becomes narrow toward the bearing clearance between the 
radial liquid bearings R is formed. 

[0007] And peripheral surface opposite is carried out through the Rota magnet 19 
and gap which a stator 18 is fixed to the peripheral face of body 1 la, and are being 
fixed to the inner skin bottom of a hub 14, drive-motor M is formed and the rotation 
drive of a shaft 13 and the hub 14 is carried out by this drive-motor M in one. If a 
shaft 13 rotates, dynamic pressure occurs to the lubricant of the minute amount with 
which the liquid bearing clearance between each liquid bearings S and R was filled 
up, a shaft 13 will serve as the inner skin of a sleeve 12 and the top face of a counter 
plate 16, and non-contact, and bearing will be carried out by pumping operation of 
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each slot for dynamic pressure generating of the thrust liquid bearing S and the radial 
liquid bearing R. 

[0008] The restoration approach of the lubricant to such a spindle motor was as 
follows. That is, after assembling a spindle motor, the lubricant of optimum dose is 
poured into the interior of a spindle motor under atmospheric air from the through 
hole 26 prepared in the center of a counter plate 16. If it does so, it will be drawn by 
operation of surface tension in this liquid bearing clearance, the lubricant located in 
some space of the liquid bearing clearance between the thrust liquid bearings S and 
the lubricant located near the liquid bearing clearance between the thrust liquid 
bearings S will spread gradually, and the whole liquid bearing clearance between 
each liquid bearings S and R will be filled with lubricant. 
[0009] 

[Problem (s) to be Solved by the Invention] In recent years, improvement in 
recording density is called for, and since the width of face of the truck for recording 
information is narrow, as for HDD, adoption of a liquid bearing with a high rotation 
precision is considered. Furthermore, in HDD carried in a pocket device like a 
notebook sized personal computer, while thin shape-ization is called for, the liquid 
bearing equipment which was excellent in portability ability with the low power is 
called for. 

[0010] Then, it sets to the above spindle motors. In order to make high proof stress 
(it is described as moment proof stress henceforth) over a moment load and to stop 
power consumption so that bearing contacts and may not be damaged (in order to 
raise portability ability) even if equipment is rocked by conveyance etc. While 
forming the relief groove 2 1 with larger clearance than the liquid bearing clearance 
between the radial liquid bearings R between two radial liquid bearings R and R and 
enlarging a bearing span, it is made to make small fluid friction of the lubricant in a 
relief groove 21. 

[001 1] However, when it had such a relief groove 21 and lubricant was filled up with 
the above approaches into a spindle motor, there was a possibility that the following 
problems might arise. That is, since restoration of lubricant is performed under 
atmospheric air, in case each liquid bearing clearance is filled up with lubricant, air 
bubbles are easy to be involved in in a relief groove 2 1 . When the air bubbles which 
rotation of a liquid bearing became unstable (NRRO which is the deflection of the 
rotation asynchronous component under rotation becomes large), for example, 
remained during rotation of a spindle motor when air bubbles remained in the relief 
groove 2 1 circle in the inside of the liquid bearing clearance between radial liquid 
bearings at the rate of the abbreviation one half (mean velocity) of a rotational 
frequency, the circumference of the deflection of the direction of a path will arise 
slightly. 

[0012] In order to solve such a trouble, it is effective to fill up the above lubricant 
with the bottom of not atmospheric air but a vacuum. That is, degassing is performed 
to restoration and coincidence of lubricant. However, in order to fill up lubricant 
with the bottom of a vacuum, a complicated facility is required and causes a cost rise 
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of a spindle motor. Moreover, since workability is bad, it also has the trouble that 
mass-production nature is spoiled. 

[0013] Then, the trouble which the above conventional techniques have is solved, air 
bubbles cannot remain easily inside liquid bearing equipment, and this invention 
makes it a technical problem to offer the lubricant restoration approach to the liquid 
bearing equipment which was moreover excellent in workability and mass- 
production nature. 
[0014] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, this invention consists of the following configurations. Namely, the 
lubricant restoration approach to the liquid bearing equipment of this invention In the 
approach filled up with lubricant to liquid bearing equipment equipped with a shaft 
and the phase hand part material which counters this shaft through liquid bearing 
clearance Some [ at least ] periods are characterized by holding said liquid bearing 
equipment under a vacuum among periods until it pours lubricant into a part of space 
of said liquid bearing clearance and its near under atmospheric air and said whole 
liquid bearing clearance is filled up with said lubricant from immediately after 
impregnation. 

[0015] With such a configuration, even if it pours in the lubricant to liquid bearing 
equipment under atmospheric air, air bubbles cannot remain easily inside liquid 
bearing equipments including said liquid bearing clearance. Therefore, the liquid 
bearing equipment filled up with lubricant by this approach has a small possibility 
that an unstable oscillation may arise during rotation. Moreover, since the lubricant 
restoration approach to the liquid bearing equipment concerning this invention pours 
in the lubricant to liquid bearing equipment not under a vacuum but under 
atmospheric air, it does not need a complicated facility for impregnation of lubricant, 
but is low cost. Moreover, workability and mass-production nature are also 
excellent. 

[0016] Although the pressure holding said liquid bearing equipment should just be a 
pressure lower than atmospheric pressure, in order to prevent more certainly that air 
bubbles remain inside liquid bearing equipment, its 0.03 or less MPas are more 
desirable, and its 0.02 or less MPas are still more desirable. Moreover, although the 
periods which hold liquid bearing equipment under a vacuum should just be some [ 
at least ] periods among periods until said whole liquid bearing clearance is filled up 
with said lubricant from immediately after impregnation of said lubricant, in order to 
prevent more certainly that air bubbles remain inside liquid bearing equipment, it is 
more desirable [ periods ] that it is the whole period until said whole liquid bearing 
clearance is filled up with said lubricant from immediately after impregnation of said 
lubricant. 
[0017] 

[Embodiment of the Invention] The gestalt of operation of the lubricant restoration 
approach to the liquid bearing equipment concerning this invention is explained to a 
detail, referring to a drawing. Drawing 1 is drawing of longitudinal section of the 
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spindle motor for HDD. First, the structure of a spindle motor is explained. In 
addition, when it can set to the following explanation, especially the vocabulary that 
shows a lower direction means each direction in drawing 1 of explanation for 
convenience, as long as there is no notice. 

[0018] This spindle motor consists of a shaft 13 which the hub 14 fixed, and a sleeve 
12 attached in body 1 la of the base 1 1. The shaft 13 is inserted in the sleeve 12 free [ 
rotation ] , and the radial liquid bearing R is infixed between the shaft 1 3 and the 
sleeve 12. Moreover, the end of a shaft 13 is equipped with the thrust plate 15, and 
the thrust liquid bearing S is formed between both the flat surfaces of a thrust plate 
15, and the sleeve 12 and counter plate 16 which counter this. In addition, a sleeve 
12 and a counter plate 16 are equivalent to the requirements slack phase hand part 
material for a configuration of this invention. 

[0019] Peripheral surface opposite is carried out through the Rota magnet 19 and gap 
which the stator 18 is being fixed to the peripheral face of body 1 la of the base 1 1 , 
and were fixed to the inner skin of a hub 14, and drive-motor M is formed. And if 
the rotation drive of a hub 14 and the shaft 13 is carried out in one by drive-motor 
M, bearing of the rotation of a shaft 13 will be made free by the thrust liquid bearing 
S and the radial liquid bearing R to a sleeve 12 and a counter plate 16. 
[0020] Next, the structure of the above spindle motors is further explained to a detail. 
Inside body 1 la currently set up by the center section of the base 11, interpolation of 
the cylinder object-like sleeve 12 with a flange is carried out, and it has fixed in one 
by said flange 12f. Between the peripheral face of a sleeve 12, and the inner skin of 
body 1 la, lubricant ****** 22 which is annular clearance is formed of this. The 
structure of this lubricant ****** 22 is explained further in full detail behind. 
[0021] The hollow-like shaft 13 is inserted in the sleeve 12 free [ rotation ], and 13f 
of female screws is formed in the inner skin of a shaft 13. In addition, a solid shaft is 
sufficient as a shaft 13. Moreover, although it is not limited especially if it is the 
ingredient which whose hardness was [ the quality of the material of a shaft 1 3 ] 
high, and was excellent in corrosion resistance, what surface treatment by the thing 
or plating, and the diamond-like carbon (DLC) film which it heat-treated [ film ] to 
the stainless steel and austenitic stainless steel of a martensite system, and made 

them harden a front face for example was performed [ what ], and stiffened the front 
face is raised. 

[0022] Upper limit section 13a of this shaft 13 is a minor diameter from the other 

sections, and the shaft 13 and the hub 14 have fixed to one by pressing fit in the hole 

in which this minor diameter upper limit section 13a was prepared in the center 

section of the hub 14 of the shape of a shallow reverse cup. And since it is said major 

diameter which it is minor diameter upper limit section 13a and a major diameter, 

and also is formed in a boundary line with the section and also the inferior surface of 

tongue of a hub 14 is contacted by upper limit side 13b of the section, a shaft 13 and 

a hub 14 fix by the reinforcement which is sufficient for securing sufficient shock 
resistance. 

[0023] Moreover, the disc-like thrust plate 15 is being fixed to the lower limit of the 
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shaft 13 projected from the lower limit of a sleeve 12. This thrust plate 15 has fixed 
by the reinforcement (omission load) which is sufficient for having fixed with the 
setscrew 20 screwed in 13f of female screws formed in the inner skin of a shaft 13, 
and securing shock resistance with sufficient shaft 13 and thrust plate 15. 
[0024] At this time, the hollow-like shaft 13 has the joint 30 which is the concave 
section [ major diameter / bore / that ] in a lower limit side, and the setscrew 20 has 
cylinder-like cylinder section 20b between head 20a and point 20c which has a male 
screw, and these joints 30 and cylinder section 20b are hole 15b for inserting the 
setscrew 20 formed in the center section of the thrust plate 15 with the diameter of 
said mostly. 

[0025] Since the thrust plate 15 is attached in the shaft 13 by carrying out fitting of 
the cylinder section 20b to hole 15b and the concave joint 30, the inner skin of a joint 
30 acts as a slide way which shows a thrust plate 15 to the same axle to a shaft 13 
through cylinder section 20b of a setscrew 20, and a thrust plate 15 is attached in a 
shaft 13 by coaxiality 50 micrometers or less. 

[0026] Moreover, since the thrust plate 15 is attached in the lower limit side of a 
shaft 13 at the shaft 13 with the gestalt by which the top face of a thrust plate 15 was 
contacted, even if the thickness of a thrust plate 15 is thin, the run out of end face of 
a thrust plate 15 is small. In addition, as an approach of attaching a thrust plate 15 in 
a shaft 13, the fixing approach of common use, such as press fit besides a **** stop, 
adhesion, and welding, is employable. Or the member in which the shaft and the 
thrust plate were formed in one may be used. 

[0027] However, if a thrust plate 15 is ****ed and it attaches by the stop, sufficient 
joint strength will be secured, and unlike the case where it attaches by press fit, 
ingredients, such as a copper alloy with low Youngs modulus, can be used for a 
thrust plate 15. In addition, as a configuration of head 20a of a setscrew 20, it is not 
limited to the cheese head form of illustration, and a spherical-head form like a 
round-head machine screw, a countersunk-head form like a countersunk head 
screw, etc. may be changed suitably. 

[0028] And the flat surface of the thrust plate 15 bottom has countered with the top 
face of the counter plate 1 6 attached in the center section of the base 1 1 . Moreover, 
the flat surface of a thrust plate 1 5 top has countered with the lower limit side of a 
sleeve 12. In addition, the counter plate 16 may be formed in the base 1 1 and one. 
Crevice 16a which contains head 20a of a setscrew 20 is prepared in the center 
section (location just under a shaft 13) of the top face of a counter plate 16. Then, it 
is not necessary to attach a setscrew 20 with the gestalt absorbed in the thrust plate 
15, and processing of a thrust plate 15 becomes easy. 

[0029] In addition, when attaching the setscrew 20 which fixes a thrust plate 15 with 
the gestalt in which head 20a was absorbed, or pressing a thrust plate 15 fit in a shaft 
13 and fixing, crevice 16a does not need to prepare. Let both the flat surfaces of the 
upper and lower sides of a thrust plate 15 be the thrust abutments 15s and 15s. And 
the lower limit side of the sleeve 12 which counters 15s of upper thrust abutments 
through the liquid bearing clearance between the thrust liquid bearings S, The top 
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face of the counter plate 16 which counters 15s of lower thrust abutments through 
the liquid bearing clearance between the thrust liquid bearings S It considers as the 
thrust bearing sides 12s and 16s, respectively, and the thrust liquid bearing S is 
constituted for the slot for dynamic pressure generating of the shape for example of 
a herringbone (not shown) at least in preparation for one side among the thrust 
abutments 15s and 15s which face, and the thrust bearing sides 12s and 16s 
[0030] It is desirable to use as few unsymmetrical slot patterns of the direction 
outwardness of a path shorter than the flute length by the side of inner circumference 
the slot for dynamic pressure generating of the shape of a herringbone especially 
prepared in 15s of thrust abutments and 16s of thrust bearing surfaces from the flute- 
length fang furrow crowning by the side of [ a slot crowning to ] a periphery Then 
since the pumping operation generated by rotation drive becomes smaller a slot 
crowning to a periphery side than an inner circumference side, lubricant comes to be 
sent out toward the periphery section from a core. 

[0031] In addition, especially the processing approach of establishing this slot for 
dynamic pressure generating in both the flat surfaces (thrust abutments 15s and 15s) 
of a thrust plate 15 is not-limited, and plastic working, cutting, etching processing 
etc. are raised. Since coining processing which is plastic working is the approach of 
stamping said slot for dynamic pressure generating by pressing metal mold to a 
thrust plate 1 5 using a press etc. , it is excellent in mass-production nature as 
compared with etching processing, and is low cost. 

[0032] Since plastic working by coining processing is easy especially when a copper 
alloy with low hardness is used for a thrust plate 15, there is an advantage of 
excelling in mass-production nature. In addition, since reinforcement is required for 
a sleeve 12 or a counter plate 16, its one where hardness is higher is desirable. Here, 
the fixing approach to the base 1 1 of a counter plate 16 is explained, the hole which 
formed the counter plate 16 in the center section of the base 1 1— a clearance fit « 
or light pressure close is carried out, and the stop of the periphery section of a 
counter plate 16 is **** e d and carried out to the lower part of body 11a of the base 
1 1 by two or more setscrews 3 1 . 

[0033] This counter plate 16 has the level difference in the periphery section, and, as 
for the periphery section, thickness is thin from the other sections. That is, a counter 
plate 16 is the plate-like part material of the two-step structure where the outer- 
diameter dimension by the side of a top face is large and where the outer-diameter 
dimension by the side of an inferior surface of tongue is small, and the longitudinal- 
section configuration of a counter plate 16 has become rough convex character-like 
so that drawing 1 may show. Since the counter plate 16 has the above structures, 
when a counter plate 16 is attached in the base 1 1 , a circular sulcus 28 is formed 
from the inner skin of said hole established in the center section of the base 1 1, and 
the peripheral face of a part with the small outer-diameter dimension by the side of 
the inferior surface of tongue of a counter plate 16. The setscrew 31 is attached in the 
part of this circular sulcus 28, and the head of a setscrew 3 1 is contained in the 
circular sulcus 28. In addition, although such a circular sulcus 28 may be formed 
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over the perimeter of a counter plate 16, it may be established in a part. 
[0034] Thus, since the base 1 1 and a counter plate 16 were ****ed and it fixed by 
the stop 31, a load is not added to the base 1 1 and a counter plate 16 like fixing by 
caulking, and deformation does not arise in the base 1 1 and a counter plate 16. 
Therefore, 16s of thrust bearing sides formed in the top face of a counter plate 16 
deforms, and the problem that the flatness of 16s of thrust bearing sides falls does 
not arise. 

[0035] Moreover, since a part of top face of a counter plate 16 is in contact with the 
base of said hole established in the center section of the base 1 1, a counter plate 16 is 
arranged with a horizontal and the stable posture in this hole. In addition, a pin may 
be used instead of a setscrew 31. Moreover, the base 1 1 and a counter plate 16 may 
be fixed by filling up a circular sulcus 28 with adhesives instead of using a setscrew 
3 1 . Or after fixing the base 1 1 and a counter plate 1 6 with a setscrew 3 1 , a circular 
sulcus 28 may be filled up with adhesives and fixing may be strengthened. If a 
setscrew 31 and adhesives are used together, since the perimeter of a setscrew 31 
will be covered by adhesives, it is prevented that a setscrew 31 loosens by vibration, 
an impact, etc. from the outside. 

[0036] Moreover, if a circular sulcus 28 is filled up with adhesives, while adhesives 
will permeate the clearance for a joint between the base 1 1 and a counter plate 16 
and fixing with the base 1 1 and a counter plate 1 6 will be strengthened, the closure 
of the part for said joint is carried out. If the clearance for said joint is sealed by 
adhesives, a possibility that the lubricant with which it filled up inside the spindle 
motor may flow out of a part for said joint during rotation of a spindle motor will 
become small. In addition, after being filled up with adhesives, it is desirable by 
heating at 70-100 degrees C, and stiffening adhesives completely to aim at 
reservation of fixing reinforcement. 

[0037] Especially the class of adhesives may not be limited and may be the 
adhesives of an epoxy system, anaerobic adhesives, the adhesives of an ultraviolet 
curing mold, or the adhesives of the type which used the plurality of these together. 
Moreover, sufficient fixing reinforcement can be obtained, and as long as it can 
prevent that the lubricant with which closed a part for said joint and the interior of a 
spindle motor was filled up flows out, a sealing agent may be used instead of 
adhesives. 

[0038] On the other hand, while setting spacing to. shaft orientations and forming the 
radial abutments 13r and 13r of a pair in the peripheral face of a shaft 13 up and 
down, the radial bearing sides 12r and 12r which counter these radial abutments 13r 
and 13r through the liquid bearing clearance between the radial liquid bearings R are 
formed in the inner skin of a sleeve 12. And the radial bearing sides 12r and 12r are 
equipped with the slots 1 7 and 1 7 for dynamic pressure generating of the shape of a 
rough-elbowed herringbone, and the radial liquid bearings R and R are constituted. 
[0039] However, the slots 17 and 17 for dynamic pressure generating may be 
established in the radial abutments 1 3r and 1 3r, and may be established in the both 
sides of the radial abutments 13r and 13r and the radial bearing sides 12r and 12r. In 
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addition, especially the processing approach of forming this slot 17 for dynamic 
pressure generating is not limited, and the approach of the same common use as the 
case of the slot for dynamic pressure generating established in both the flat surfaces 
of a thrust plate 15 is adopted. 

[0040] If the slot 1 7 for dynamic pressure generating is processed into the inner skin 
of radial bearing side 12rl2, i.e., a sleeve, since the slot 17 for dynamic pressure 
generating is processible with plastic working, such as ball rolling excellent in mass- 
production nature, or cutting by the cutting tool, it is desirable. Ball rolling is the 
approach of processing the rolling fixture which made two or more shots holding in 
the hollow-like outer case inserted in the periphery of a shaft by pushing into a 
sleeve. 

[0041] That is, by stuffing a rolling fixture into a sleeve 12 and making it displaced 
relatively after carrying out cutting of the sleeve 12 on an engine lathe, carrying out 
forward inverse rotation of the main shaft of an engine lathe slowly, herringbone- 
like (rough-elbowed) recessing is performed to inner skin, and finish-machining 
finishing cutting which removes the climax part around a slot after that, ball through 
is performed if needed. Of course, it may push into the sleeve 12 fixed while 
carrying out forward inverse rotation of the rolling fixture to right and left using 
rolling equipment instead of an engine-lathe top, and forming of rolling of the 
herringbone-like slot may be carried out. 

[0042] The direction inside an open air side serves as a slightly short inside sense 
unsymmetrical slot pattern (unsymmetrical herringbone-like slot for dynamic 
pressure generating), and a flute length's is [ the direction located in an open air side 
between two slots 1 7 and 1 7 for dynamic pressure generating / this ] desirable by the 
following reasons. That is, since the pressure which pushes in lubricant toward the 
inside with rotation of a shaft 1 3 from an open air side works (pump in) , it is 
prevented that the lubricant in the liquid bearing clearance between the radial liquid 
bearings R disperses outside according to the centrifugal force accompanying 
rotation of a shaft 13. 

[0043] This is further explained to a detail. The slot 17 for dynamic pressure 
generating consists of two or more rough-elbowed slots put in order at the 
predetermined spacing along with the circumferencial direction of a shaft 13. The 
pattern makes the slot 17 (it sets to drawing 1 and is the upper slot 17 for dynamic 
pressure generating) for dynamic pressure generating located in an open air side 
among the slots 1 7 and 1 7 for dynamic pressure generating established in two places 
a configuration unsymmetrical to shaft orientations. And the pattern of the slot 17 (it 
sets to drawing 1 and is the lower slot 1 7 for dynamic pressure generating) for 
dynamic pressure generating on another side is made into a configuration 
symmetrical with shaft orientations. 

[0044] That is, let width of face from a flection to the edge by the side of the open air 
be size in the slot 1 7 for dynamic pressure generating located in an open air side 
among [ width of face / from a flection to an inside edge ] the width of face of the 
shaft orientations of a rough-elbowed slot. In addition, in an open air side, in this 
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operation gestalt, the side (it sets to drawing 1 and is the upper part) which is fit for 

the open air of a spindle motor, Le., the thrust liquid bearing S is formed, means the 
opposite side in a shaft 13. Moreover, as for the inside, an open air side means the 
side in which the opposite side S, i.e.', a thrust liquid bearing, is established. 
[0045] Moreover, in order to lessen that air bubbles are involved in during rotation to 
the lubricant in the liquid bearing clearance between the thrust liquid bearing S and 
the radial liquid bearing R, as for the slot for dynamic pressure generating 
established in the thrust liquid bearing S and the radial liquid bearing R, it is 
desirable to make preferably into 25 degrees or less 30 degrees or less of slot include 
angles (include angle made to a hand of cut) , and to make ten or more numbers of a 
slot or more into 1 2 preferably. 

[0046] When the bearing width of face (width of face of the shaft orientations of the 
slot 17 for dynamic pressure generating) of the slot 17 for dynamic pressure 
generating of the shape of a herringbone especially prepared in the radial liquid 
bearing R is smaller than a shaft diameter, it is desirable to make a slot include angle 
into 25 degrees or less, and to make 12 or more numbers of a slot or more into 16 
preferably. If air bubbles are involved in lubricant, it will become the cause of the 
unstable oscillation under rotation, and rotation precision will tend to deteriorate. 
[0047] Moreover, the relief groove 21 which becomes the inner skin (the peripheral 
face of a shaft 1 3 is sufficient, or the both sides of the inner skin of a sleeve 1 2 and 
the peripheral face of a shaft 1 3 are sufficient) of the sleeve 1 2 pinched by the radial 
liquid bearings R and R of two upper and lower sides from the circumferential 
groove of the shape of a taper to which clearance becomes narrow toward the bearing 
clearance between the radial liquid bearings R is formed. Since the large bearing 
span which is the distance during point of application of the radial liquid bearings R 
and R can be taken even when a spindle motor is thin-shape- ized by this, this 
spindle motor is excellent in moment proof stress. Moreover, since clearance is 
larger than the bearing clearance between the radial liquid bearings R, as for a relief 
groove 21, fluid friction of lubricant becomes small. Therefore, bearing torque is 
small and this spindle motor is a low power. 

[0048] In addition, shift a little the shaft-orientations location of the Rota magnet 19 
which constitutes drive-motor M, and a stator 18, and it is made for the suction force 
of shaft orientations to act. The lower limit side side of a sleeve 12 mainly shares a 
load. Further the effective area of 1 5s of thrust abutments by the side of the inferior 
surface of tongue of a thrust plate 1 5 You may make it reduce the bearing torque by 
the side of an anti-load (designs a bearing effective diameter small) by designing 
smaller than the effective area of 15s of thrust abutments by the side of a top face. 
Then, power consumption of a spindle motor can be lessened. 
[0049] Next, the structure of above-mentioned lubricant ****** 22 is explained. 
Annular clearance intervenes between the peripheral face of a sleeve 12, and the 
inner skin of body 1 la, and this annular clearance forms lubricant ****** 22. The 
peripheral face of the sleeve 12 which forms the inside of lubricant ****** 22 is 
made into the taper side 24, and, thereby, as for lubricant ****** 22, clearance has 
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become gradually narrow toward the downward thrust liquid bearing S. 
[0050] But the taper side 24 may not necessarily restrict forming in the peripheral 
face of a sleeve 12, may be formed in the inner skin of body 1 la, or may be formed 
in the both sides of the peripheral face of a sleeve 1 2 , and the inner skin of body 1 1 a 
Moreover, the lubricant supply way 25 which is carrying out opening toward the 
clearance between the shape of a circular ring formed between the inner skin of 
peripheral face 15a of a thrust plate 15 and body 11a which is the member which 
counters it is established in the lower limit of lubricant ****** 22. 
[0051] And opening of the lubricant supply way 25 which approaches the liquid 
bearing clearance between the thrust liquid bearings S, and is open for free passage is 
almost equal to the liquid bearing clearance between the thrust liquid bearings S, or 
is large slightly, and lubricant is tending to introduce [ come ] it into the liquid 
bearing clearance between the thrust liquid bearings S from the lubricant supply way 
25 according to the capillarity based on surface tension. 

[0052] In this operation gestalt, the whole lower part of lubricant ****** 22 which 
consists of annular clearance forms the lubricant supply way 25 0- namely, the 
lubricant supply way 25 -- the shape of annular clearance -- it is -- the inside of 
the lower part of lubricant ****** 22 - one place - the slit-like lubricant supply 
way 25— you may prepare (that is, other parts) The slit-like lubricant supply way 
25 may be established in two or more places by which the peripheral face of a sleeve 
12 and the inner skin of body 1 la are touched and annoyed. 
[0053] Moreover, a part of taper side 24 of lubricant **** 22 is made into the 
lubricant supply way 25 by making all the peripheral faces of a sleeve 12 into the 
taper side 24, and the clearance between the shape of a circular ring formed between 
the inner skin of peripheral face 1 5a of a thrust plate 1 5 and body 1 la is made to 
open the taper side 24 for free passage directly in this operation gestalt. However, the 
upper part is made into the taper side 24 among the peripheral faces of a sleeve 12, 
and the lower part is good as a field parallel to the inner skin of body 1 la also as 
structure where the annular clearance formed of this parallel side constitutes the 
lubricant supply way 25. 

[0054] The open air and the aeration way 23 open for free passage-are carrying out 
opening to such the upper part of lubricant ****** 22. The aeration way 23 is 
horizontally crooked up from the upper part of lubricant ****** 22inthe middle of 
elongation, and is carrying out opening to the upper limit side of a sleeve 12. That is, 
as the aeration way 23 forms the slit of shaft orientations in a fitting side with the 
sleeve 12 of body 1 la, it is established in it. Of course, you may prepare so that 
opening may be perpendicularly carried out to elongation and the upper limit side of 
a sleeve 12 from the topmost part of lubricant ****** 22. 

[0055] Next, the structure of the upper limit (open air side) part of the inner skin of a 
sleeve 12 is explained to a detail. The part of the angle of the upper limit (open air 
side) of the inner skin of a sleeve 12 is beveled so that drawing 1 may show. By this, 
the part of upper limit (open air side) serves as the taper-like configuration where 
clearance becomes large gradually toward the upper part (open air side) , most among 
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the clearance formed between the peripheral face of a shaft 13, and the inner skin of 
a sleeve 12. At this time, the include angle which this taper-like configuration 
makes, i.e., the include angle of inclined plane 12a of this beveling part and the 
peripheral face of a shaft 13 to make, is set to alpha. 

[0056] And the include angle alpha which said taper-like configuration makes serves 
as size from the include angle (it is described as the tilt angle of the taper side 24 
henceforth) of the peripheral face (namely, taper side 24) of a sleeve 12, and the 
inner skin of body 1 la to make. With such a configuration, since surface tension acts 
to the narrower one of clearance strongly, lubricant will be strongly attracted rather 
than the clearance between the taper-like configurations of said beveling part in the 
direction of lubricant ****** 22, and it can make low the oil level of lubricant 
located in said beveling part, and can be maintained under said beveling part. 
[0057] furthermore, if the volume of lubricant ****** 22 is made larger than the 
volume of the part (namely, inclined plane 12a of said beveling part, the part which 
counters inclined plane 12a among the peripheral faces of a shaft 13, and the part 
come out of and surrounded) which serves as a taper-like configuration of the part of 
upper limit most among the clearance formed between the peripheral face of a shaft 

13, and the inner skin of a sleeve 12, excessive lubricant will be held at lubricant 

****** 22 

[0058] Even if excess and deficiency are in the injection rate of lubricant, a 
possibility that lubricant may disperse outside or the lubricant in liquid bearing 
clearance may be drained in prolonged use becomes small, and, therefore, the long- 
term dependability of a spindle motor is excellent. In order for the above 
effectiveness to be fully discovered, as for the include angle alpha at which 0 degrees 
or more and less than 45 degrees, and said taper-like configuration make the tilt 
angle of the taper side 24, considering as 45 degrees or more is desirable. If the tilt 
angle of the taper side 24 is especially made into 10 degrees or less, said 
effectiveness will more fully be discovered. Moreover, in order to carry out suction 
maintenance of the lubricant excessive to lubricant ****** 22 with surface tension, it 
is desirable to make into 15 -degree or more size the include angle alpha which said 
taper-like configuration makes more practically than the tilt angle of the taper side 
24. 

[0059] Moreover, if it is going to make large the bearing span which is the distance 
between two radial liquid bearings R and R in the decided unit elevation, it is 
necessary to make smaller the die length of the part made into the taper-like 
configuration of the clearance formed between the peripheral face of a shaft 13, and 
the inner skin of a sleeve 12, i.e., the width of face of the shaft orientations of 
inclined plane 1 2a of said beveling part. 

[0060] It is desirable to, set preferably width of face of the shaft orientations of 45 
degrees or more and inclined plane 12a to 0.5mm or less for the include angle alpha 
which a taper-like configuration makes 1mm or less on the other hand, since it is 
necessary to hold as many excessive lubricant as possible to lubricant ****** 22. 
Furthermore, since it is necessary to secure enough the amount of the lubricant 
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which can be held to lubricant ****** 22 in order to raise dependability over a long 
period of time, as for the width of face of the shaft orientations of the taper side 24, it 
is desirable to make it into twice [ more than ] the width of face of the shaft 
orientations of inclined plane 1 2a. 

[0061] Moreover, among the clearance between the taper-like configurations of said 
beveling part, the size (width of face of the direction of a path) of the largest 
clearance between parts serves as size from the size (width of face of the direction of 
a path) of the clearance between the largest parts of lubricant ****** 22, and the oil 
level of the lubricant located in said beveling part and the oil level of the lubricant 
currently held at lubricant ****** 22 serve as a location where surface tension 
balances. It is prevented that can maintain from this the oil level of lubricant located 
in said beveling part under said beveling part, and lubricant disperses outside from 
said beveling part with rotation. 

[0062] In addition, in this operation gestalt, although inclined plane 12a is prepared 
in the inner skin of a sleeve 12 (that is, said beveling part is prepared in the inner 
skin of a sleeve 12), you may prepare in the peripheral face of a shaft 13, or may 
prepare the both sides of the inner skin of a sleeve 12, and the peripheral face of a 
shaft 13. In preparing inclined plane 12a in the peripheral face of a shaft 13, it 
prepares in the part by the side of the open air most among the parts which counter 
the inner skin of a sleeve 12. 

[0063] Moreover, if oil-repellent processing of applying an oil repellent agent (what 
has the property which crawls lubricant) to inclined plane 12a of said beveling part 
of a sleeve 12 and the part of which 12a opposite is done with an inclined plane 
among the peripheral faces of a shaft 13 is performed It can prevent more effectively 
that lubricant is crawled by the part which performed oil-repellent processing, and 
lubricant leaks out outside exceeding these parts (said beveling part etc.) at the time 
of quiescence of a spindle motor, and rotation. 

[0064] Next, the restoration approach of the lubricant to the spindle motor concerned 
is explained. First, after assembling the whole spindle motor, lubricant is poured into 
the bottom of atmospheric air using a dispenser etc. from the through hole 26 which 
consists of a run through hole of the thickness direction established in the core of a 
counter plate 16. In addition, after pouring lubricant into a spindle motor, this 
through hole 26 may be sealed by pressing a ball, a cylinder member, etc. fit in a 
through hole 26 (not shown). Then, it is prevented that a foreign matter etc. invades 
in a spindle motor. 

[0065] And in order to prevent the oil leak from the clearance between omission by 
the external impact of the ball pressed fit, or the ball press fit section, a sheet 
member, an adhesion seal member, etc. may be pasted up on the inferior surface of 
tongue of a counter plate 1 6 after press fit of a ball. However, since it is not 
necessary to necessarily seal the engine-performance top of a liquid bearing, this 
through hole 26 may be used for an air vent, after using it as a lubricant inlet. 
[0066] Moreover, impregnation of the lubricant to a spindle motor may be performed 
from the hole (hole which penetrates a shaft 13 to shaft orientations) which the shaft 
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13 of the shape of the aeration way 23 or hollow has in the middle of the assembly of 
a spindle motor, and it is not necessary to form a through hole 26 in this case. 
However, to carry out from the hole which the hollow-like shaft 13 has, it is 
necessary to establish the hole which penetrates this setscrew 20 to shaft orientations 
also in a setscrew 20. 

[0067] Next, it holds under a vacuum with means, such as moving the spindle motor 
which poured in lubricant in a vacuum tub, and degassing is performed. The 
lubricant located in some space of the liquid bearing clearance between the thrust 
liquid bearings S among the poured-in lubricant and the lubricant located near the 
liquid bearing clearance between the thrust liquid bearings S are drawn in the 
narrower one of clearance by operation of surface tension, and fills the inside of the 
liquid bearing clearance between the thrust liquid bearings S, then spreads in the 
liquid bearing clearance between the radial liquid bearings R, or a relief groove 21. 
[0068] In this operation gestalt, since the spindle motor is held under the vacuum, a 
period until each whole liquid bearing clearance is filled up with the poured-in 
lubricant does not almost have air bubbles being involved in in each liquid bearing 
clearance or a relief groove 21, and remaining, in case each liquid bearing clearance 
is filled up with lubricant. Therefore, an unstable oscillation cannot produce easily 
the spindle motor filled up with lubricant by such approach during rotation. 
[0069] Since the time amount for several minutes to dozens of minutes is taken [ 
after lubricant is poured in ] to fill up each whole liquid bearing clearance in the 
usual case, if a spindle motor is held under a vacuum in the meantime, the same 
degassing effectiveness as the case where lubricant is poured in under a vacuum will 
be acquired. If it holds under a vacuum at this time, maintaining a spindle motor at 
an elevated temperature, since the rate at which the viscosity of lubricant falls to and 
lubricant spreads the inside of each liquid bearing clearance can be raised, a period 
after lubricant is poured in until each whole liquid bearing clearance is filled up can 
be shortened. 

[0070] Moreover, since impregnation of the lubricant to a spindle motor is performed 
from the outside through a through hole 26, impregnation actuation of lubricant is 
very easy. Furthermore, since impregnation of lubricant is performed under 
atmospheric air, under a vacuum, a complicated facility like [ in the case of pouring 
in lubricant ] is not needed, but it is low cost. Since the process under a vacuum 
should just only hold a spindle motor under a vacuum, workability and mass- 
production nature are also excellent further again. 

[0071] Although the pressure holding a spindle motor should just be a pressure lower 
than atmospheric pressure, in order to prevent the residual of air bubbles more 
certainly, its 0.03 or less MPas are more desirable, and its 0.02 or less MPas are still 
more desirable. Moreover, although the periods which hold a spindle motor under a 
vacuum should just be some [ at least ] periods among periods until each whole 

liquid bearing clearance is filled up with lubricant from immediately after 
impregnation of lubricant, in order to prevent the residual of air bubbles more 
certainly, it is more desirable [ periods ] that it is the whole period until each whole 
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liquid bearing clearance is filled up with lubricant from immediately after 
impregnation of lubricant like this operation gestalt. 

[0072] In this operation gestalt, although lubricant was poured in after assembling 
the whole spindle motor, lubricant is poured in in the phase which assembled the part 
among spindle motors, and the approach of assembling and completing a spindle 
motor to the last after that may be adopted. For example, lubricant may be poured in 
in the phase which assembled only a part for fluid bearing (a shaft 13, a sleeve 12, a 
counter plate 16, part that consists of the base 1 1) among spindle motors, a hub 14 
may be attached in the upper limit of a shaft 1 3 after that, and a spindle motor may 
be completed. In this case, after pouring in lubricant, it holds under a vacuum, and 
after completing a spindle motor after that and assembling and completing a spindle 
motor to the last, you may hold under a vacuum. 

[0073] Moreover, it becomes [ removal of the air bubbles which remain ] more 
certain by the self-excretory function of the slot for dynamic pressure generating and 
is desirable when aging which carries out short-time (above for at least 1 minute) 
rotation at a predetermined engine speed the completion back of a spindle motor and 
before use is performed. Thus, while the poured-in lubricant fills each liquid bearing 
clearance between the thrust liquid bearing S and the radial liquid bearing R 
according to an operation of surface tension, excessive lubricant collects on lubricant 
****** 22 through the lubricant supply way 25, and is held according to the 
capillarity based on surface tension in the taper side 24. Therefore, even if the 
injection rate of lubricant is superfluous, since excessive lubricant is stored in 
lubricant ****** 22, it is satisfactory. Moreover, even if a spindle motor inverts at 
the time of conveyance and handling, the lubricant in lubricant ****** 22 does not 
flow out outside. 

[0074] Moreover, since the magnitude of the clearance between lubricant ****** 22 

is narrow toward the downward lubricant supply way 25 according to the taper side 

24, it flows out outside, and the lubricant which dispersed with the external impact is 

also automatically brought together in the direction of the narrow lubricant supply 

way 25 of the clearance between lubricant ****** 22, as long as there is nothing. 

And the air bubbles gathering in the upper part (the larger one of clearance) of 

lubricant ******22are discharged outside through the aeration way 23. 

[0075] If the rotation drive of the hub 14 and shaft 13 which carry the magnetic disk 

which is body of revolution-ed, and which is not illustrated in the periphery section 

is carried out in one by drive-motor M, dynamic pressure occurs to the lubricant 

with which the liquid bearing clearance between each liquid bearings S and R is 

filled up, a shaft 13 will serve as a sleeve 12 and a counter plate 16, and non-contact, 

and bearing will be carried out by pumping operation of each slot for dynamic 

pressure generating of the thrust liquid bearing S and the radial liquid bearing R. In 

addition, since the stop of said magnetic disk is **** e d and carried out by the clamp 

member, it has fixed by the reinforcement which is sufficient for securing sufficient 
shock resistance. 

[0076] Operation attains to a long period of time, it is attracted in the narrower one 
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of clearance, the lubricant currently held by the capillarity based on surface tension 
in lubricant ****** 22 if the lubricant currently held in liquid bearing clearance 
evaporates gradually, or disperses and runs short being guided in the taper side 24 
according to the insufficiency, and it is supplied until lubricant is filled in each liquid 
bearing clearance. That is, with reduction of the lubricant in each liquid bearing 
clearance, it is drawn in by capillarity via the lubricant supply way 25 in the liquid 
bearing clearance where clearance is narrow, and is stabilized in the location where 
the surface tension of the taper side 24 of lubricant ****** 22 balances. In this way, 
lubricant is automatically supplied only for the decrement of lubricant. 
[0077] Thus, since the annular clearance between lubricant ****** 22 of the spindle 
motor of this operation gestalt is a taper-like, lubricant is attracted with surface 
tension in the narrower one of clearance, on the other hand, it separates into the 
larger one of clearance and the residual air bubbles involved in at the time of an 
assembly are discharged. Therefore, lubricant without air bubbles is automatically 
supplied to each liquid bearing clearance certainly, and it will be in the condition of 
always having been filled with lubricant, and even if it uses it over a long period of 
time, dependability is highly excellent in endurance. 

[0078] Moreover, even if excess and deficiency are in the injection rate of lubricant, 
a possibility that lubricant may disperse outside or the lubricant in each liquid 
bearing clearance may be drained in prolonged use is small. In addition, this 
operation gestalt shows an example of this invention, and this invention is not 
limited to this operation gestalt. 

[0079] For example, the lubricant restoration approach of this invention may not be 
applied only to the liquid bearing equipment which has a relief groove 2 1 , and can be 
applied also to the liquid bearing equipment which does not have the relief groove 
2 1 . That is, it also has the effectiveness prevented similarly that air bubbles remain 
into said beveling part of the upper limit of the liquid bearing clearance between the 
thrust liquid bearing S and the radial liquid bearing R and the inner skin of a sleeve 
12. 

[0080] Moreover, a sleeve fixed-shaft rotation type is sufficient as a spindle motor, 
and an axial fixed-sleeve rotation type is sufficient as it. Furthermore, not only an 
axis end but near the axis end, and they may be the center section of the shaft, and its 
near. [ the location of a thrust plate 1 5 established in a shaft 13] If it is not limited to 
this operation gestalt and the purpose of this invention can be attained further again 
about the structure of the structure of the structure of a liquid bearing, the aeration 
way 23, lubricant ****** 22, and the lubricant supply way 25, the pattern of the slot 
for dynamic pressure generating, and the details of a spindle motor etc., changing 
suitably if needed is possible. 

[0081] For example, its lubricant ****** 22 may be various curved surfaces, if the 
taper side 24 which constitutes lubricant ****** 22 serves as a configuration to 
which clearance becomes narrow gradually toward liquid bearing clearance. 
Moreover, as long as the slot for dynamic pressure generating is not limited the 
shape of a herringbone, or in the shape of a spiral and functions as a dynamic 
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pressure liquid bearing, what kind of slot pattern is sufficient as it. -Moreover, the 
processing approach of this slot can apply chemical etching, electrolytic etching, 
plastic working, cutting, laser beam machining, ion beam machining, shot blasting, 
etc. according to the quality of the material or required accuracy. 
[0082] Furthermore, especially the quality of the material of the member which 
constitutes the spindle motor of a shaft 13 and sleeve 12 grade is not limited, and if it 
is ingredients, such as metals (stainless steel, a copper alloy, aluminum containing 
alloy, etc.) usually used for the member which constitutes a spindle motor, a sintered 
metal, a sintering oil impregnation metal, plastics, and a ceramic, it can be used 
satisfactory. That is, the combination of stainless steel and copper alloys is sufficient, 
the combination of dissimilar metals, such as iron, a copper alloy and iron, and an 
aluminum containing alloy, is sufficient, and combination, such as a metal and 
plastics, is sufficient further Of course, plating and surface treatment like the DLC 
film (diamond-like carbon coating) may be performed to the fluid bearing surface if 
needed, and the sliding nature at the time of deactivation may be raised. 
[0083] In addition/if it is the combination which used high beryllium copper and the 
aluminum bronze of hardness for the copper alloys 12, for example, a sleeve, from 
which hardness differs a sleeve 12 and a thrust plate 15, and used lead bronze and 
phosphor bronze for the thrust plate 15, sliding nature and machinability can be 
satisfied. In this case, since the direction which established the slot for **** 
generating in the fluid bearing surface of lead bronze with low hardness or phosphor 
bronze cannot damage phase hand part material easily, it is desirable. 
[0084] Furthermore, in this operation gestalt, although the spindle motor was 
illustrated and explained as liquid bearing equipment, this invention is applicable to 
other various liquid bearing equipments. 
[0085] 

[Effect of the Invention] As mentioned above, in case it fills up with lubricant in 
liquid bearing clearance, air bubbles are hard to be involved in, and moreover, the 
lubricant restoration approach to the liquid bearing equipment of this invention is 
excellent in workability and mass-production nature. 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 11 It is drawing of longitudinal section of the spindle motor explaining the 
lubricant restoration approach to the liquid bearing equipment concerning this 
invention. 

[Description of Notations] 

1 2 Sleeve 

1 3 Shaft 

1 5 Thrust Plate 

16 Counter Plate 

R Radial liquid bearing 
S Thrust liquid bearing 
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DRAWINGS 


[Drawing 1] 
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